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PROCESS FOR THE FORMATION OF A SILICON LAYER ON A 
SUPPORT FOR OPTICAL PURPOSES-, AND USE OF THE PROCESS .TO 

MAKE OPTICAL COMPONENTS 

Technical field 

The invention relates to a process for the 
formation of a silicon layer for optical purposes on a 
support, and a number of applications of the process to 
make optical components. 

A silicon layer for , optical purposes means a layer 
in an optical component that contributes to conducting, 
reflecting, transmission and/or generation of light. 

The invention relates particularly to applications 
for the manufacture of mirrors such as Bragg mirrors 
and the manufacture of optical emitter micro-cavity 
cells . 

State of prior art 

Silicon is widely used in the manufacture of 
microelectronics circuits . 

However in the optical field, the indirect 
prohibited band of silicon confers very weak radiation 
properties that make it impossible to use silicon as is 
to emit light. 

At the present time, there are no silicon-based 
light emitter devices on the market. 

However, silicon emitters would have some 
advantages because technologies are highly developed 
for silicon and are consequently inexpensive. 
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Furthermore, it would be possible to combine 
optical components with electronic components and 
integrate them in microelectronics circuits. 

A number of uses of other semiconductors are 
5 ~ known, mainly type III-V semiconductors for the 
manufacture of micro-cavities. Micro-cavities comprise 
an active medium in the form of a layer with a 
thickness equal to a multiple of the half-wave length 
of the working light, and are placed in sandwich form 
10 between a first mirror and a second mirror. 

Document (1) referenced at the end of this 
description relates to the manufacture of Fabry-Perot 
type amorphous silica-based micro-cavities doped with 
erbium. 

15 The micro-cavities are delimited by two Bragg 

mirrors . 

The amorphous nature of the materials used for the 
manufacture of these micro-cavities very significantly 
reduces light emission capabilities. On the other 
20 hand, the incorporation of rare earth ions enables the 
use of this type of micro-cavity. 

Document (2), which is also referenced at the end 
of the description, describes a process for making a 
crystalline Bragg mirror. The process consists 

25 essentially of growing silicon on a support, and then 
implanting oxygen, and then forming a buried silicon 
oxide layer in the silicon. Repetition of these 
operations creates a Bragg mirror with several periods. 
However, this process depends essentially on a 
30 technique called SIMOX (Separation by Implantation of 
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Oxygen) that is apparently not used in the 
microelectronics industry . 

Description of the invention 
5 The purpose of this invention is to propose a 

process for the formation of a silicon layer and 
particularly a crystalline silicon layer in order to 
make optical components and particularly micro-cavity 
light emission sources. 
10 Another purpose is to propose a similar process 

for making optical components at a particularly low 
cost . 

Another purpose is to propose the said process for 
applications for making Bragg mirrors and micro-cavity 
15 optical emitters. 

In order to achieve these purposes, the purpose of 
the invention is more specifically a process for the 
formation of a silicon layer for optical purposes with 
a given (optical) thickness, on a support. According 
2 0 to the invention, the process comprises the following 
steps in sequence: 

a) Molecular bonding of a silicon block on the support 
on which there may or may not already be other 
layers, the silicon block having a surface layer 

2 5 delimited by a cleavage area approximately parallel 

to its surface, and with a thickness greater than 
(or less than) the said determined thickness, and 
the silicon block being covered by a silicon oxide 
layer brought into contact with the support during 

3 0 bonding, 
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b) Cleavage of the silicon block along the cleavage 
area to detach the surface layer fixed to the 
support from it , 

c) thinning (or thickening) the said surface layer 
5 until a thickness approximately equal to the said 

determined thickness, is obtained. 

Molecular bonding refers to bonding involving a 
molecular bond between surfaces in contact without the 
insertion of a binder. 

10 The use of a cleavage technique is well known in 

the microelectronics field, and for example is 
described in document (3) referenced at the end of the 
description. This technique is an efficient way of 
forming a silicon layer, particularly a layer of 

15 crystalline silicon on the surface of a support, and 
particularly on a support that does not have the same 
crystalline mesh or the same crystalline structure as 
silicon. 

The process according to the invention is a means 

2 0 of implementing the cleavage process in the optical 

field despite the limitations mentioned above. 

According to one possible use of the process , the 
thickness of the surface layer in step a) is greater 
than the determined thickness. In this case, step c) 
25 consists of thinning this layer by a mechanical, 
chemical or mechanical-chemical method. 

In particular, the silicon layer may be thinned by 
polishing or by a treatment combining surface oxidation 
of the layer and selective elimination of the oxide by 

3 0 etching. 
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According to a second possibility, a silicon block 
with a surface layer delimited by the cleavage area can 
also be used in step a) , with a thickness less than the 
determined thickness. In this case, the thickness of 
5 the surface layer can be increased by crystalline 
growth during step c) . 

For example, crystalline growth may be based on a 
process such as vapor phase epitaxy. 

Before the bonding step, the silicon block may be 
10 prepared by performing hydrogen implantation through 
one of its faces to form an embrittled area extending 
approximately along a plane parallel to the said face 
and forming the cleavage area. The implantation energy 
is adjusted to form the cleavage area at a depth which 
15 is either greater than or less than the determined 
thickness, depending on the selected implementation 
method. 

In this case the determined thi^kSiess means the 
thickness of the surface layer^fTsilicon necessary to 
2 0 obtain a given optical behavior . For example, it may be 

a thickness equa3r^to or proportional to — — where X is 

4n s 

the wojJrfng length of produced or received light and n s 
is^fThe refraction index of silicon. 

According to one preferred embodiment, a silicon 
25 oxide layer is formed on the silicon block, and more 
particularly on the implantation face. This layer is 
preferably formed before implantation, and then comes 
into contact with the support during the molecular 
bonding step in the process according to the invention. 
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One particular application of the invention 
relates to a process for manufacturing a Bragg mirror 
with wavelength A. on a support. According to this 
process, a stack of layers is formed comprising 
5 alternately at least one layer of silicon oxide with 

A 

optical thickness , where n G denotes the refraction 

4n G 

index of the silicon oxide and at least one silicon 

A 

layer with an optical thickness equal to , where n s 

4n s 

is the refraction index of silicon, and the said 
10 silicon layer is formed according to the process 

mentioned above. 

For example, the oxide layer could be the oxide 

layer mentioned above and formed on the silicon block 

before implantation . 
15 Preferably, the Bragg mirror comprises a plurality 

of periods, in other words a plurality of silicon 

layers alternating respectively with several silicon 

oxide layers . 

For example, the silicon oxide layers may be 
20 formed by chemical vapor deposition using a Plasma 
Enhanced Chemical Vapor Deposition (PECVD) process. 

Another particular application of the invention is 
a process for the manufacture of an optical component 
with a working wavelength A, comprising: 
2 5 - the formation of a Bragg mirror according to the 

process mentioned above, 
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- formation of a layer of active material on the 
Bragg mirror by crystalline growth, to form a 
cavity, 

- formation of a second mirror on the cavity. 

The active material may be made of pure 
crystalline silicon or it may contain an active 
element, for example such as erbium or neodymium 
impurities . 

The active material may also be an SiGe, SiGeC or 
SiC alloy in the form of a thin film, in the form of a 
quantic boxes structure or multi-layers structure with 
several films made of different materials. 

A quantic boxes structure means a matrix made of a 
first material containing nanometric inclusions of a 
second material, the prohibited band width of the 
second material being narrower than the prohibited band 
width of the first material. For example, the cavity 
material (s) may be formed by vapor phase crystalline 
growth or molecular jet. Their thickness, or at least 
the thickness of the cavity, is adjusted to correspond 
to a required optical thickness as a function of a 
given working wavelength. 

The second mirror that covers the cavity may be a 
simple metallic mirror, or preferably a Bragg mirror 
obtained according to the process described above. 

The process for transferring a silicon layer with 
a controlled thickness may also be used to make the 
cavity of an optical emitter. 

The manufacture of the optical emitter may 
comprise : 
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- formation of a first Bragg mirror on a support, 

- formation of a silicon layer covering a silicon 
oxide layer on the Bragg mirror, the silicon 
layer being formed in accordance with the 

5 process described above, and, 

- formation of a second mirror above the silicon 
layer . 

The mirror may be formed directly in contact with 
the silicon layer or it may be separated from it by 

10 other insertion layers. 

The silicon oxide layer may be formed on the first 
Bragg mirror before the silicon layer is transferred to 
it. But preferably, it can be formed directly on the 
surface of the silicon layer, in other words on the 

15 silicon block, also before the transfer. 

As for the previous embodiment , the second mirror 
may be a traditional mirror; for example a metallic 
layer or a Bragg mirror obtained according to the 
process described above. 

20 Other characteristics and advantages of this 

invention will become clearer from the following 
description with reference to the Figures in the 
attached drawings. This description is purely for 
guidance and is in no way restrictive. 
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Brief description of the Figures 

Figure 1 is a diagrammatic section through a 
silicon block in which a cleavage area is formed. 
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Figure 2 is a diagrammatic section through an 
assembly obtained by transferring the structure in 
Figure 1 onto a support. 

Figure 3 is a diagrammatic section through 
5 the assembly shown in Figure 2 after cleavage along the 
cleavage area. 

Figure 4 is a diagrammatic section through 
the assembly in Figure 3 after a finishing operation. 

Figures 5 and 6 are diagrammatic sections 
10 illustrating the manufacturing steps for an Si/Si0 2 
multi-layer structure starting from the assembly in 
Figure 4. 

Figures 7, 8 and 9 are diagrammatic sections 

illustrating steps in the manufacture of a micro-cavity 
15 emitter module starting from a multi-layer structure 

like that obtained after the step shown in Figure 6. 

Figures 10, 11 and 12 are diagrammatic 

sections illustrating the manufacturing steps for 

another micro-cavity emitter module. 
20 - Figures 13, 14 and 15 are diagrammatic 

sections illustrating the manufacturing steps of yet 

another micro-cavity emitter module. 

Detailed description of embodiments of the invention 
25 For simplification reasons, identical, similar or 

equivalent parts in the Figures described below are 
given the same references. Furthermore, the given 
description relates to the manufacture of components, 
devices or parts of devices with a given working 
3 0 wavelength or central wavelength, denoted X. 
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Figure 1 shows a block of monocrystalline silicon 
2 0a in which hydrogen ions H* are implanted. The 
implantation is shown diagrammatically in the form of 
arrows . 

5 The implantation is made with a sufficient dose 

and energy to form an embrittled area 21 denoted as the 
cleavage area, at a given depth in the block 20a. 

The cleavage area thus delimits a surface layer 
& 22a in the silicon block. The depth of the cleavage 

rfi 10 area, adjusted with the implantation energy, is chosen 

; * jj * 

IIS to exceed the thickness of a silicon layer that is to 

] *z be formed for optical purposes. 

}□ X 

I« Thus, if we want to form a thick layer, where 

V 4n s 

n s is the refraction index of silicon, the implantation 
jy 15 depth and therefore the thickness of the surface layer 

22a are chosen to be greater than this value. 
! 3 Figure 1 also shows that the surface layer 22a of 

block 20a is covered by a first layer 12a of silicon 

oxide. For example, the thickness of the oxide layer 

A 

20 may be adjusted to , where n 0 is the refraction 

4n c 

index of silicon oxide. The oxide layer may be formed 
by chemical vapor deposition, or possibly by thermal 
oxidation of the silicon in block 20a. 

The thickness of the first oxide layer 12a is 
25 adjusted, for example by chemical etching or 
mechanical-chemical etching . 

The free surface 13 of the silicon oxide layer 12a 
visible in Figure 1 and the free surface of a support 
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(not shown) are then subjected to a treatment to enable 
their subsequent molecular bonding. For example, the 
treatment includes chemical cleaning. 

The support is formed by a platform 10. This 
5 support is in the form of a single piece substrate, or 
a substrate comprising several layers of different 
materials . 

In the example shown in Figure 2 described below, 
the support is a block of silicon, glass or quartz. 
10 Molecular bonding shown in Figure 2 is obtained by 

transferring the assembly formed by the silicon block 
20a and the oxide layer 12a onto the support 10, in 
order to bring the free faces of the silicon oxide 
layer 12a and the platform 10 into contact. 
15 A subsequent operation illustrated in Figure 3 

consists of making a cleavage of the silicon block 20a 
along the previously implanted cleavage area. ^ 
Cleavage may be assisted by heat treatment. 
It is observed that after cleavage-4^g^terminated, 
20 the surface layer__22 — ^entaTn^*fixed to the platform 10 
thrj^^T^the silicon oxide layer 12a. 

The silicon block 20a that is detached from the 
surface layer may be subjected to another ionic 
implantation to form a new cleavage area on it. It can 
25 then be made using a transfer process like that 
described . 

Figure 4 shows the/ assembly consisting of the 
platform 10, the oxide /layer 12a and the surface layer 
22. The assembly/ is inverted compared with the 

30 assembly in Figure 3. An arrow 24 indicates the 
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treatment applied to_ _aii^±sir the thickness of the 
surf c 

In the example described, the initial t>dr6kness of 
the surface layer 22 is greater thefn the required 
thickness. Thus, the thickn^s^" adjustment treatment 
consists of thinning t£e-<Layer. This treatment may be 
made by polishi^a^or by a series of surface oxidation 
and selep^dTve etching operations to eliminate the oxide 
forij^a each time. 

According to one variant embodiment of the 
process, the surface layer may also be initially formed 
with a thickness less than the required thickness; in 
this case the cleavage area is implanted in the silicon 

block at a depth less than 



4n s 

In this case, the step to adjust the thickness in 
Figure 4 consists of increasing the thickness of the 
layer. This may be done by silicon growth on the 
surface of the surface layer. 

The process described above may be iterated to 
make special optical components or devices. Some 
examples are given below. 

Figure 5 shows the formation of a new silicon 
oxide layer 12b on a monocrystalline silicon block 20b. 
Just like block 20a in Figure 1, the silicon block 20b 
has a cleavage area 21 that delimits its surface layer 
22b. The cleavage area is formed by the implantation 
of hydrogen ions. 

Furthermore, the process for the formation of the 
new silicon oxide layer 12b is identical to the process 
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described for the formation of the first oxide layer 
12a. 

The thickness of the new oxide layer is also 

A 



adjusted to a value equal to 



4n 0 



Figure 6 shows the transfer of the new silicon 
block in Figure 5 onto the structure in Figure 4. 

The surface of the silicon oxide^snTf ace layer 12b 
covering the silicon block^Qifis brought into contact 
and is glued onto _J^h^silicon layer 22b by molecular 
' Tt ' 10 bonding, th^-tfiickness of the silicon layer 22b having 

been ^^justed before this operation. 

In this structure, it can be seen that the 
assembly formed by the platform 10, the first layer of 
silicon oxide 12a and the first silicon layer 22a is 
15 used as a support for the formation of a new set of 
alternating Si0 2 /Si layers . 

Another cleavage separates block 20b from its 
surface layer 22b that remains fixed to the subjacent 
silicon oxide layer 12b. 
20 An adjustment of the thickness of the surface 

silicon layer 22b can give a structure like that shown 
in Figure 7 . 

This structure comprises an alternating stack of 
silicon oxide and oxide layers on the platform 10, the 
25 optical thickness of which is adjusted as a function of 
a given wavelength. This stack, marked as reference 
30, forms a Bragg mirror. 

Obviously, depending on the required reflection 
properties, the number of Si0 2 /Si alternations in the 
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Bragg mirror may be increased by repeating the steps in 
the process described above. 

Figure 8 shows a step in the process for 
manufacturing an optical component comprising the Bragg 
5 mirror 3 0 in the structure in Figure 7. 

The step in Figure 8 includes the formation of an 
optical cavity 34 made of an active material on the 
last surface layer of silicon 22b. 

The cavity 34 is made by growth of one or several 
ifl 10 materials selected from Si, SiGe, SiGeC, SiC. These 

!fj materials can contain doping impurities such as erbium 

J™ impurities forming active elements. 

□ The cavity may be in the form of a solid block, in 

" = the form of one or more thin layers, or in the form a 

15 quantic boxes structure or in the form of a multi-layer 
iU structure combining layers of different materials 

■A chosen from the materials mentioned above. Its 

lsJ thickness is adjusted as the material grows as a 

function of the working wavelength X. 
20 For example, a silicon cavity may comprise a 

series of very thin silicon layers and SiGe alloy 
layers. The SiGe layers are of the order of 5 nm thick 
and do not create any dislocations due to a mismatch of 
the crystalline mesh, but can form quantic wells. 
25 Similarly, the mismatch in meshes between the 

silicon layers and the very thin germanium layers may 
cause the formation of germanium islands that form 
quantic boxes. These islands considerably increase the 
capacity of the cavity 34 to emit light. 
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As shown in Figure 9, the optical component is 
completed by the installation of a second mirror 36 on 
the cavity 34. 

For example, the second mirror 3 6 may be a 
5 conventional Bragg mirror obtained by successive 
deposition of Si0 2 /Si layers using a Plasma Enhanced 
Chemical Vapor Deposition (PECVD) process. 

The second mirror 3 6 may also be made using the 
process described above for making the first Bragg 
in 10 mirror 30. 

\l\ Finally, the second mirror 36 may also be a 

conventional metallic mirror obtained by deposition of 
□ a metallic film. This type of deposition may be made 

^ : by evaporation. 

15 Figures 10 to 12 also show another possible 

jtj embodiment of the invention. 

Figure 10 shows a first step that consists of 
forming a mirror 30 on a silicon platform 10. 

The mirror 3 0 may be a Bragg mirror like that 
20 described in the reference to Figure 7 or a mirror of 
another type like the mirror 3 6 in Figure 9 described 
above . 

A second step illustrated by Figure 11 comprises 
the formation of a layer of silicon oxide 31 and a 
25 layer of silicon 32 on the first mirror. 

The silicon layer 32 is taken from a silicon 
block, on which it forms a surface layer. This block 
may possibly be covered by the oxide layer. The 
silicon layer, possibly covered by the oxide layer, is 
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then transferred using the process described with 
reference to Figures 2 and 3 . 

The silicon oxide layer 31 may also be formed 
directly on the first mirror 3 0 and covered later by 
5 transferring the silicon layer 32. 

However, the .thickness of the transferred silicon 
layer 32 is not adjusted to a thickness corresponding 
to an optical thickness for the chosen wavelength. 

In this case it is used as a support to promote 
3 10 subsequent growth of active materials to form an 

optical cavity. Thus the thickness of the silicon 
layer 32 is preferably very small. For example, its 
thickness may be between 5 and 2 00 nm. 

Figure 12 shows the growth of an active material 
15 to form an optical cavity 34 as described above. 

It can be assumed that the silicon layer 32 forms 
part of the cavity 34, for the purposes of the 
calculation and adjusting the optical thickness of the 
cavity. 

2 0 Finally, the cavity is covered by a second mirror 
36 similar to the corresponding mirror in Figure 9. 

Figures 13 to 15 illustrate another possible 
application of the invention for the manufacture of an 
optical component . 
25 Figures 13 and 14 show structures approximately 

identical to Figures 10 and 11 obtained using the same 
processes. Therefore, this document does not include a 
more detailed description of these structures. 

However, it is found that the silicon layer 32 

3 0 transferred to the first mirror 3 0 and covering the 
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oxide layer 31 is much thicker than the layer in Figure 
11 . 

The silicon layer 32, the thickness of which is 
controlled by the depth of the cleavage area in the 
5 silicon block from which it originates, is chosen to be 
greater than the required optical thickness for the 
optical component. 

The thickness of the silicon layer 32 is adjusted 
by polishing or etching to form an optical cavity. 
10 This cavity may be covered by a second mirror 3 6 

as shown in Figure 15. 

The components referenced above may be associated 
with each other or with other optical or electronic 
components on the same substrate. 
15 Similarly, when the optical cavities for 

components described are used as light emitters, they 
may be used with appropriate optical or electrical 
pumping means known in themselves . 
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